REMARKS 



Reconsideration in view of the foregoing amendments and 
following remarks is respectfully requested. 

Amendments to the title, specification and abstract are 
editorial in nature and have been made to correct errors in 
spelling, grammar, and punctuation; to provide consistency in 
terminology throughout the entire application; and to otherwise 
eliminate informalities existing in the original description. 
No new matter has been added. Paragraph numbers have been added 
to the "substitute" specification, but are not indicated on the 
marked-up copy. 

A parts list is now being submitted. 

FIGS. 15 and 16 are being deleted. 

Amendments to the claims are editorial in nature, and no 
new matter has been added. Where applicable, subparagraphs in 
the claims have now been identified with lower case letters. 

If there are any further issues yet to be resolved to 
advance the prosecution of this patent application to issue, the 
Examiner is requested to telephone the undersigned counsel. 

Reconsideration and allowance is respectfully requested. 
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PQprecrtvG sysreM or apparatus a:NciMZ>jAfq 

a GUIDEWIRE HAVING DEPLOYABLE 
* SHEATHLESS^©¥Se¥l^inLTER 
AMD M€THo3> «r/U2///^ 

RELATED APPLICATION 

5 This application claims the benefit of U.S. Provisional Application No. 60/437,166, filed 

December 30, 2002, incorporated herein in its entirety by reference. 

FIELD OF THE INVENTION 
The present invention relates generally to the field of vascular medical devices. More 

10 specifically, the present invention relates to a [guidcwHji f protective system^for use in vascular 

mdH<dAS ^tfat Is shexthl^ss 

procedures thatj groduoqj fya deployable^em^filte |^4 t h ou t - thc uoo of a ohoatff . 

BACKGROUND OF THE INVENTION 
Arterial disease involves damage that happens to the arteries in the body. Diseased 

15 [wGselj^can become plugged with thrombus, plaque, or grumous material that may ultimately 
lead to a condition known as ischemia. Ischemia refers to a substantial reduction or loss of blood 
flow to the heart muscle or any other tissue that is being supplied by the artery and can lead to 
permanent damage of the affected region. While arterial disease is most commonly associated 
with the formation of hard plaque and coronary artery disease in the heart, similar damage can 

20 happen to many other vessels in the body, such as the peripheral vessels and cerebral vessels, due 
to the buildjjp of hard plaque or softer thrombus or grumous material within the lumen of an 
artery or vein. 
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A variety of vascular medical devices and procedures have been developed to treat 
diseased vessels. The current standard procedures include bypass surgery (where a new blood 
vessel is grafted around {fh^narrowed or blocked artery) and several different types of non- 
surgical interventional vascular medical procedures, including angioplasty (where a balloon on 
5 a catheter is inflated inside ^^narrowed or blocked portion of §^rtery in an attempt to push 
back|j£*£plaque or thrombotic material), stenting (where a metal mesh tube is expanded against 
j&l^parrowed or blocked portion off^rtery to hold back ^plaque or thrombotic material^and 
debulking techniques in the form of atherectomy (where some type of high speed or high power 

mechanism is used to dislodge hardened plaque) or thrombectomy (where some type of 

or 

10 mechanism or infused fluid is used to dislodge grumous^thrombotic material). In each of these 
*Vfter v^r&i piq/ 

^vascular medical procedures, a very flexible guidewire is routed through the patient's vascular 

system to a desired treatment location and then a catheter that includes a device on the distal endj^ 

appropriate for the given procedure^ is tracked along the guidewire to the treatment location. 

Although interventional vascular procedures avoid many of the complications involved in 

15 surgery, there is a possibility of complications if some of the plaque, thrombus or other material 

Ot oTU^r vessel 

breaks free and flows downstream in the artery potentially causing a stroke, a myocardial 
infarction (heart attack^or other tissue death. One solution to this potential complication is to 
use some kind of occlusive device or filtering device to block or screen the blood flowing 
downstream of the treatment location. 
20 The use of a protective device in the form of an occlusive device or filtering device as 

part of a vascular procedure is becoming more common in debulking procedures performed on 
heart bypass vessels. Most heart bypass vessels are harvested and transplanted from the 
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saphenous vein located along the inside of the patient's leg. The saphenous vein is a long, 

straight vein that has a capacity more than adequate to support the blood flow needs of the heart. 

c\ buildup <?p. 

Once transplanted, the saphenous vein is subject to [artorial diooaoo oauood b y^plaque or 

thrombotic materials jthat build - ug[ in the grafted arterial lumen. Unfortunately, the standard 

5 interventional vascular treatments for debulking are only moderately successful when employed 

to treat saphenous vein coronary bypass grafts. The complication rate for a standard balloon 

angioplasty procedure in a saphenous vein coronary bypass graft is higher than in a native vessel 

with the complications including embolization, "no-reflow" phenomena, and procedural related 

myocardial infarction. Atherectomy methods including directional, rotational, and laser devices 

10 are also associated with a high degree of embolization resulting in a greater likelihood of 

infarction. The use of stents for saphenous vein coronary bypass grafts has produced mixed 

results. Stents provide for less restenosis, but they do not eliminate the risk of embolization and 
infarctioi^* i***<md ^ gt<Z«4<=%*<=l h^t/OaM ct*giopt^*Ty 

In order to overcome the shortcomings of these standard non-surgical interventional 
15 treatments in treating saphenous vein coronary bypass graft occlusion, embolic protection 
methods utilizing a protective device distal to the lesion have been developed. The protective 
device is typically a filter or a balloon. Use of a protective device in conjunction with an 
atherectomy or thrombectomy device is intended to prevent emboli from migrating beyond the 
protective device and^allow the embolic particles to be removed, thereby subsequently reducing 
20 the risk of myocardial infarction. When the protective device is a balloon, the balloon is inserted 
and inflated at a point distal to the treatment site or lesion site. Therapy is then performed at the 
Jipeatmefi^site and the balloon acts to block all blood flow, which prevents emboli from traveling 



3 



[ Attomcy - Dook ot No , 2 856 .06U Q 02} 
beyond the balloon. Following treatment, some form of particle removal device must be used to 
remove the dislodged emboli prior to balloon deflation. U.S. Patent No. 5,843,022 uses a 
balloon to occlude the vessel distal to a lesion or blockage site. The occlusion is treated with a 
high pressure water jet, and the fluid and entrained emboli are subsequently removed via an 
5 extraction tube. U.S. Patent No. 6,135,991 describes the use of a balloon to occlude the vessel 
allowing blood flow and pressure to prevent the migration of emboli proximally from the 
treatment device. While effective as a protective device, balloons may result in damaged tissue 
due to lack of blood flow downstream of the treatment area due to the time required to inflate 
and deflate the balloon. 

10 To overcome this disadvantage, most development in relation to occlusive devices has 

focused on devices that screen the blood through a filter arrangement. An early arterial filtering 
system utilizing a balloon catheter with a strainer device is described in U.S. Patent No. 
4,873,978. The device is inserted into a vessel downstream of the treatment site. The strainer 
responds to actuation of a separately introduced control cable to open and close a plurality of 

15 tines capable of retaining dislodged particles. After treatment, the strainer is collapsed and the 
entrapped emboli are removed from the body. The additional wire, however, creates additional 
complexity for the user. 

More recently, filter designs have been deployed through the use of a single guidewire in 
which the filter device is transported to the deployment area within a sheath or catheter. Typical 

20 filters have either an umbrella shape to capture emboli or a tube shape in which the proximal end 
contains larger openings than the distal end so as to allow the blood and debris to enter the filter. 
The filter thus presents an operational face to the flow of blood within the vessel as provided by 
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the distal end of the tubular filter that is concave in orientation. Particles are captured within the 

concave face of the filter and are then retracted out of the vessel when the entire device is 

removed from the body. ^ 

q -Pi tfar 

One of the challenges regarding filters is the manner in which ^is transported to and 
5 from the area of interest. U.S Patents Nos. 6,042,598, 6,361,546, 6,371,970, 6,371,971 and 
6,383,206 describe various examples of filter arrangements that are to be deployed through a 
sheath, while U.S. Patents Nos. 6,080,170, 6,171,328, 6,203,561, 6,364,895, and 6,325,815 

q. 

describe filters that are deployed b^catheter. For example, U.S. Patent No. 6,371,971 describes 

a blood filter positioned by way of a single guidewire, covered by a sheath for advancement 
q veesve/ 

10 through^f hc dncmg j The sheath compresses struts of the filter while in transit. An 
interventional procedure requires deployment of the sheath along a guidewire dowiQtream of the 
vascular occlusion. The sheath is retracted and the filter expands to a predetermined size. The 
filter is retrieved after the procedure by deploying the sheath back down the guidewire, capturing 
the filter and removing the system from the patient. 

15 The disadvantage associated with this type of filter is the added thickness of the device 

due to the use of a sheath to deploy the filter. Typical sheath diameters exceed 0.040 inch@ 
Insertion of the sheath can damage the vessel during routing and deployment to the occluded 
area and during removal. Moreover, the bulky sheath protecting the filter can hamper the debris 
removal or cause further embolization. 

20 There is a need then for a protective device capable of embolization protection for 

vascular and arterial procedures without the design limitations of the existing approaches. 
Occlusive balloons can remain in place too long^ increasing the risk of vessel damage 
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downstream of the occlusion. Protective filters avoid this problem but suffer from complicated 
deployment and retraction schemes. Moreover, existing filters are limited in range due to the 
filter framework, which also may result in vessel damage. It would be desirable to provide an 

theft is <*l6n$ <z S'*3te. <5ui<&u>JrQ- 

occlusive filter device^easily deployable .without a large diameter sheatl^ aton g a oing l o 
rrreffihat reduces the potential for vessel damage. 



SUMMARY OF THE INVENTION 
The present invention is a fcuidowirj iforotective system i for use in vascular procedures 
comprising a tubular guidewir^i control cable disposed within the lumen of [|piidewire; and a 
1 0 sheathless fe ou vcx pr otect i ve] filter distally coupled to the control cable and proximally coupled to 

theiguidewire. The.filter radially expands as the distal end of the^filter is drawn toward the 

op+Ae st**L*-rhtess -filter 
proximal end*in response to displacement of the control cable relative to the tubular guidewire. 

The primary filter action is provided by thexmter convex surface of the. filter, which is the first 

surfac&in contact with the flow of blood within g^vessel. 

15 In a preferred embodiment, the^filter is comprised of a braided >$itinol wire gceleto^ 

||Fai$3rin the form of a tube to which {other - fibeft fyare gw^o create a filter mesh. In one 

embodiment, the( 5thor fib e ^ are multifilament polymer fibers. In an alternate embodiment, the 

wow** ^7Vc?n<r J%* <4fs7%( *m<4 of 

jg thor fib eg Lare fefeqiptitinol wires of different diameters. GBiControl cable is attached to the 

distal end of the jfubular m(^ ^iltei^4^proximal end of the control cable extends beyond the 

20 proximal end of the tubular guidewire for access. Pulling the proximal end of the control cable 

draws the distal end of the fibular moofl iilter toward^ the proximal end| which is attached to the 

^guidewire. The^filter expands radially until it either fills the^vessel or reaches a maximum 
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expansion point at which filter^openings are still smaller than the smallest expected particle size 
of clinical significance. The^filter may be locked in place to prevent premature closure of the 
^filter. In one embodiment, the^ filter is provided with a radiopaque marker that provides an 
indication of the position and deployment state of theifilteif ' 
5 Unlike existing filters that have a concave operational surface, the proximal gt^of the 

deployed^filter of the present invention has a convex shape that provides a firs^filter surface. 
Particle removal from the convexj surface is preferably accomplished in conjunction with a 

■ * 4 

catheter-based aspiration device, such as a jftirombectomy Jjfavice, U.S. Patent No. 5,370,609, 
commonly referred to as an AngioJet®. The use of an aspiration device enables removal of the 
10 majority of particles trapped by the convex j^ae^jprior to retraction of th^|filter through an 
evacuation lumen. Should debris escape the mesh of theiconvex §^isurface, the interior distal 
[jfaeg^of th^filter creates ageeef^concavefeaeQ^ilter surface which also traps debris. Extraction 
requires reducing theifilter diameter by retracting the |Ni -t ingj | control cable. The collapsed 
^«b«^filter holds debris trapped by the secondary filter surface during the removal process. 
15 In a preferred embodiment, the tubular guidewire is advanced over the control cable in a 

slidable fashion. A short j mtormodiate] tube, disposed fee t woe jfythe control cable and the 

tubular YkW^* 

^guidewire at the proximal end of the^ guidewire, provides resistance to the control cable 

io f*W*r 

movement. The resistive force maintains the position of the control cable relativ^thafguidewire 

during a procedure. Alternatively, the/filter may be locked into position either by a torque device 

*>D * cldmpj ct+<ted fey fitoj&fr'cH on 

20 tightened over the tubular guidewire,ior by an interference fit (of a fcaturceS hhe control cable 

mating with the inner diameter^of the tubular guidewire. At the distal end of the control cable, 

radial expansion of thejfilter is limited to maintain appropriate maximum allowable mesh 
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spacing, A stop is crimped onto the control cable beyond the distal end of the tubular guidewire. 
The§rim3|blocks control cable (advanc o monl tinto the tubular guidewire at the acceptable limit of 

^ ****** toss 

deployment. Alternatively, the location at which the proximal end of th^filter is joined to the 
tubular guidewire can be used to control the extent of deployment. 

In one embodiment for coronary vascular procedures, the tubular guidewire j goo e mblj ] 
preferably has an effective length of (jt9^m. The^diameter of thejshaf^would be 0.014 inch§§ 
Starting profile of the^filter is 0.030 inch^ and fully expanded profile would be 0.3 met 



There is no deployment delay as with inflating a balloon. Deployment is immediate upon 
activation of the control cable. This embodiment in combination with an aspiration debris 

10 removal device is particularly adapted to provide distal embolization protection in debulking 
vascular interventional procedures, such as those involving a blocked saphenous vein coronary 
bypass graft. The aspiration debris removal device removes the majority of particles while the 
^filter captures the remainder. Alternatively, the present invention may be configured and sized 
for use in peripheral vascular procedures of ^tcural vaocul^ fprocedures. 

15 The advantage of the ]guidowiF^ protective system^of the present invention is that|5» 

protootivo dovish /behaves like an ordinary guidewire yet does not require a bulky sheath for 
deployment or retrieval. Unlike balloon occlusive devices that block a vessel, the^present 
invention joorvoo ao a H 64teHh^ allows for the continuous flow of blood.thus decreasing potential 
damage togewastag^rtissue. Unlike other filters, th^present invention has a variable diameter 



20 based on the extent of deployment^ which further results in a range of filtration capabilities. 
Moreover, the flexible nature of the filter mesh conforms to vessel shape and the "soft" 
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multifilament polymer fibers create less damage. There are no complicated mechanical 
argents or va.ve stents interna, or externa, to theg^proteetive systenf " 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a goropootiy^ jview of the forooont invontio^ prior to expansion of the/filter 

FIG. 2 is agpFSpeetHi^iew of the |grooont invontio^ fter expansion of the^filter 
U . . « portion*? 

FIG. 3 is a close-up gefspeetiv^jjview oflthemlter gsoombly of tho pr - o seat-jgs^rti^prior 
10 to expansion. t . < portion dP 

FIG. 4 is a close«up fj?e rs p cct iv t ^iew oAhelfilter ^poombly of th c- prcocn t in von tiogj f 
partially expanded. * *P 

FIG. 5 is a close-up ^ercpeotiv^ /iew oflthe/filteij uGOombly of tho proo o nt invont i o^ at full 
operational expansion. . 
1 5 FIG. 6 is ajoloac up puspiUivj^ iew of theywire ^esig framework^of memlterj aooombly 

of tho present mventre^ 

FIG. 7 is a ^e ts pe etiv ^ iew of thej grooont invontiogj ^ith a clamp attached^ ^ 
FIG. 8 is a side view of another embodiment o fj fl ic p iumil mrerrtrajTr^** 3 * tyk* o*qpfr*tfi<f 
FIG$. 9A, 9B and 9C are detailed crossssectional views of the^filter of the embodiment 
20 shown in FIG. 8. ~ . , . . , ^ . 

FIG. 10 is a detailed gress«seetitffl^^iew of the |«tgj^ip of the embodiment shown in 

FIG. 8. 
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FIG. 1 1 is a§eteil^|^iew of a section of th^mesh of one embodiment of th eferotcc t i^ ^ 

filter. 

FIG. 12 is a detailed view of the proximal attachment of the^^teeto^ilter to the tubular 
guidewire. 

5 [FIGs. 13 and 1 4 arc-croQO ' OOCtional views of pioooo uf a o lo mp aiiaiig om o nt for use with 

one-embodime nt o f the prcoont invention^ } 



15 



one 



^Kjs. 15 and l^ are cross sectional views of an interference j fcaturo for u^ vith 
embodiment of the present invention. 



10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT^ 

<Dt <*$p*f4tHS 

The present invention is a |*ui d ow i fg ) protective system^for use in vascular procedures. 
The Ipve nti o^ ncludes a tubular guidewire having a proximal end, a distal end^and a lumei£-^j 
control cable, having a proximal end and a distal end, |S| disposed in the lumen of the tubular 



guidewir^^ C^m4 

^ sheathless grotootivg filter distally coupled to the control cable and proximally coupled 

to the tubular guidewirejexpands in response to the displacement of the control cable relative to 

theiguidewire such that thei filter presents at least aiconvexrguriace to the flow of blood in a blood 

vessel. In one embodiment, the sheathless [ grotoctivjf filter has a distal interior |^^hich 

provides a secondary ^ltcring s u rface. Tho di otnl i nter i o r ft i m prr n ontn a conoa\^ urface to the 
blao4 

20 flow of blood within a.vessel. 

The ^uidcwiro protcctioi^ pparatus is preferably provided with a mechanisn^for resisting 
displacement of the control cable relative to the tubular guidewire. In one embodiment, fK] 
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short we fote/*«^/q7*e ^ 

ffiilc r mcdhrto ohajj fyjs disposed ( jre t w o qi^ he tubular guidewire and^control cable at the proximal 
end/ The [ intermediate shajj l/is crimped to resist movement of the control cable. When the 
control cable is adjusted^it thus remains in place due to the resistance created by th^itcnnodiato 
In another embodiment, the control cable contains a stop so as to limit displacement. In a 
5 further embodiment, a clamping mechanism is used to selectively clamp the control cableJgpRg 
the guidowirff Alternatively, ( a feature - oU the control cable may be ^ esigneS .to provide an 
interference fit with ^interior of the lumen of the.guidewire. 

The sheathless ggek*sw| filter is preferably comprised of gj wire §a©$ljithat forn^ a 
tubular braidetLframework over which other members are woven to create the filterpfffeef. In 
10 one embodiment, the other ^ba^re multifilament polymer fibers. In an alternate embodiment, 
the other gfe^j^re g£W|Mtinol wires of different diameters. The wir^used for th^framework 
{■^biocompatible and jg^j imaterial properties consistent with that needed to create a^braided 
structure. For example, >iitinol wire, could be used in this application. In an alternate 
embodiment, the multifilament polymer fibers that create the filtergwfeegjjcould be woven into a 

1 5 fabric and then attached to tha wirefee^f. 

\ sh^Hx & titer Ok* iukn qtj&io^ 

To allow deployment of the feuidow ir o protection gyst effi, the control cable is longej^and 

has a smaller diameter than the^tubular guidewire. Preferably, the outer diameter of the 
^guidewire is 0.018 inch^ or less. In addition, the proximal end of th^guidewire will be free of 
any mechanical connections and obstructions so as tojfunction as a conventional exchange 
20 guidewir^ 



The present invention provides a method of preventing plaque, thrombus or 
grumous material and debris from flowing downstream during vascular procedures. The method 
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includes guiding a tubular guidewire into a blood vesse]^ A. protcrt^Jfilter then pooitione d. 
proxima t e gldistal end of theiguidewire{5*&distal to the region of the blood vessel to be treated. 
A control cable coaxially disposed within the. guidewire j is displaced, thus expanding the 
fetetegtsfo filter to a deployed state which spans the diameter of the blood vessel. The tubular 

5 guidewire is clamped at the proximal end so as to prevent unwanted further displacement of the 
control cable during the vascular procedure. In a preferred embodiment, the tubular guidewire 
has^jdiameter of up to 0.018 inch^ and is made ofgNitinol or comparable material. 

A catheter is introduced over the proximal end of th^guidewire and^advanced to the 
region of the blood vessel to be treated. A vascular procedure is then performed in the area using 

10 the catheter. The present invention may be incorporated with a vascular procedure such as an 
asymmetric water jet atherectomy wherein a jet directs a working fluid at a velocity sufficient 



to generate a stagnation pressure for removal of |J ablated deposit debris. The catheter is also 
used to remove material captured by theJ|convex fiyoximal - faq aiof theffilter. The control cable is 
then released [fro m t he ci i mped guide witg thus contracting thelfilter. The tubular guidewire with 

1 5 ^filter is then guided out of the blood vessel. 

In the preferred method, the ^rotecti\^ lter is comprised of a^wire g»@€^over which 
other members are co-braided to create a barrier to particles. The^wire fses&iis attached to the 
distal end of the control cable and^proximate end of th^guidewire. The^wire ^e^^d^theTN^^^^^^ 
members are selectively spaced so that particles are captured. In one embodimeirtfTli^^^ 

20 g^^lare multifilament polymer fibers. In an alternate embodiment, the^other gb^iare^gbfilj 
jNitinol wires of different diameters. Preferably, thejpbt^j anc^wire ggegf^ire spaced to capture 
particles of at least 250 microns and more preferably down to 100-150 microns. In the 
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alternative, the multifilament polymer fibers are woven into a fabric and then attached to tnt^wir^i 

{hi@$£}. Before deployment, thegeefesk^filter has a closed position in which the^wirejme^md 

multifilament polymer fibersjare disposed generally parallel to the control cable. so that the 

|^ reoent inventic^ ^an be inserted into a^vessel. 

5 The present invention is also a system^tor filtering emboli from the blood of a patient 

generally coincident to a vascular procedure. The systemjincludes/Tumen opening means, debris 

filtering means^and emboli evacuation means. To open the lume^ a catheter Ja^^i^ distal end 

having one or more orifices from which a working fluid, such as saline under high pressure, is 

directed in the form of a fluid jet at a deposit within the blood vessel. Th^jet impacts the deposit 

10 longitudinally so as not to damage the blood vessel. The impact dislodges the deposit and 

creates a plurality of debris particles. 
blood vzssej 

Theilumen opening means further includes a tubular member containing a hypo"\ube. 
Preferably, the tubular member is used as an evacuation lumen. The j^t»^Murther includes one 
or more high velocity jets directed to strike a portion of the tubular member. The high velocity. 
15 jer create^ a localized low pressure region which draws the debris particles to the^jetfand 
subsequently down the exhaust lumen. 

?te ste*t*\ tests 

The debris filtering means includes \a t ube-ohapqi ifilter which is advanced distally of the 

deposit by^jguidewire. The fabo shapq^ filter is comprised of a^wire @©sQ framework over 

which a plurality of strands are co-braided. The^wire§§es6} framework is radially deployed. The 

20 {tube chaped filth s fixed atffl^roximal end to theiguidewire and the.wire gggjgj framework is 

fixed atftj^jriistal end to the control cable. Li a non-deployed state, the individual^elements of 
tW<*«4 control c» -ft*. Ve^Wq>- 

the^wire^^Q framework lie generally parallel to the^piidewire. 
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n. fe^U. can b e « a« so - „ ^ 
the diameter of the blood vessel. At a lower deployment limit, no fluid is able to pass through 
theifilter. In a first embodiment, the lowe^limit for theifilter would be 3 mm. Likewise, the 
l+pbu^jij^ilter has an upper^ limit based on the unoccupied distance between any two of the 
strands. This unoccupied distance is defined as a pore size. In a first embodiment, the maximum 
pore size is 0.010 inch in each direction of the opening so that the |tubo ahape gfyfilter would be 
able to capture particles of 250 microns or greater. Alternatively, the maximum pore size is 
0.005 inch§gso that theifilter is able to capture particles of 100-150 microns or greater. In an 
alternate embodiment, the multifilament fibers are woven into a fabric prior to attaching them to 



1 0 the^wire g|fe§fi| framework. 

In one embodiment, the debris capturing means includes two filtering surfaces. First, a 

jwt&tor ft /Pit surf*** sA*j&te& 

proximal^convex [§i^of the ggbe-shape^filter blocks the passage of particles immediately 

downstream of the vascular procedure. A second debris capturing means includes an interior 
concave filter l&q^at the distal end of thej iube ohap^ &filter. 
15 The outer diameter of the [tobe-shap^ filter is smaller than the inner diameter of the 

shanks? 

blood vessel prior to deployment. In a first embodiment, it is envisioned that the | hjbo ohopg f 
filter will have an outer diameter of no more than ffiiO'l 6 inohe ^rior to deployment. 

In operation, it is envisioned that emboli evacuation would include removing the 
displaced emboli from the proxima^convex^^)f thegfee-shapf^ilter through the use of the 
20 evacuation lumen.. The evacuation lumen is attached to a vacuum pump which provides suction 
at the distal end. In addition, the evacuation lumen may be driven by the fluid jets which create a 
stagnation pressure upon striking the mouth of the evacuation lumen. Emboli evacuation is 
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further accomplished due to the interior concave |fee^t the distal end of the §a b e- faog^ filter 

catching emboli that are not trapped by the proximal convex^«^. The^filter is contracted and 
removed from the body upon completion of the procedure. The trapped emboli are maintained 
within theiilter body during the removal procedure. 
5 Referring now to FIG£ 1-2, the overall^operation of a |guidowiro filtog protective systen^ 

20 in accordance with the present invention will be described. The jguidowiro filtoj protective 
system^20 | m - accordance with one cmbodimo»§ includes a guidewire gboembl^ 30, Jkotectiv ^ 
j filter jaoflornbl^ 50, and £M5[ftffip*5Sg. 

The guidewire ffco e mbj j} 30 fee a tubular member thaj includes a proximalgerti3a|32 and a 
10 distal |g®*tie^j34. As used in the present invention, the terms proximal and distal will be used 
with reference to an operator /o f 4ho-dowG^ , such that g^distal [gertiei^ 34 of the^ guidewire 
[5p3omblj | 30, for example, is the portion first inserted into a blood vessel^ and the proximal 

s~ is H*. portion *>*/\s4 

fifortigg j3 2fremains exterior to the patient and is therefore closer to the operator {af tli o du v iu j} 

Thejguidewire Jopo e mb^ 30 Eg Oompriood of a guidiAviri 36, gh pontrol cable 38 and an 
1 5 optional [ j ktormodiato ohaf j j |40. « [[hc guidewire 36 is - a tubular member having a proximal ond 33 ? 
■ which remains exterior to the pat i ent, and-a-tfatal end 31 whioh in opegation io proximate- a - 
" vcssch?5 t hc - po1?ion t j 

The control cable 38 is a wire having a proximal end 48 and a distal end 49 slidably 
disposed within the lumen ofjguidewirel^. The control cable 38 extends proximally and distally 
20 beyond the respectiveJend&/of the gumen >$M The total length of control cable 38 is longer than j 
guidewire^||o provide for the^filter^ 5ioombj j ff 50 at the distal end 34 and a gripping region 46 at 
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the proximal end 32. Exact lengtfcfibr the respective elementsQj^etermined by the required path 
to reach the occlusive site within the patient. 

u/hick Is <t1faite&*> -fa <=*«M 3B 

In a preferred embodiment, a flexible guidewire tip 60 is positioned in a sleeve 62Jat the 

distal end 49 of control cable 38 to assist in deployment of th<^system^20 through g*^essel. In 
one embodiment, a stop^^66 is crimped orQo proximal end 48 of control cable 38 to prevent 



the control cable 38 from completely sliding into the lumen ofjguidewirelgg| 

In one embodiment, ithe control cable^38few^is restricted byf an - intormodiate - qhq^ 40 
disposed within the lumen oflguidewireggj^t the proximal end 32. Thej mle ii iic dmli slm j ffi O gw* 
t ubular^ o mbcr^ r i ^||an inner diameter slightly larger than the diameter of control cable 38 and 
10 an outer diameter slightly smaller than the inner diameter ofrguidewire^ra. Thej jkorraodiate 

fkoft ink*. A ^ 

ds&MAO increases the resistive effect on the control cable 38 so as to maintain position relative to 
. guidewireMpjJ. (A rolativoj^ hort frntuiiiulialu !>liaj» 4QSgjffless than one inchpe-ased to c r eate th& 
H > ai3tivc cffccffl The^ guidewire g^jis crimpable relative to the ^ntcrmodiato ohajfy 40 (&4t-46. 
<p rooumod a olamping tool 70 may abo be utiligcd to ma i nta in po si tio^ . 
15 Alternatively, the ^ntormodiate chQ^ 40 could be eliminated and position^maintained by 

crimping the proximal end 32 of the^guidewire y^.to the control cable 38, by using a torque 

hit * fif&i*cfto*i sarfizo^ 

device, Iby the interaction of a |bafcu*9#on the control cable 38 with the interior diameter. of the 
guidewire^^, or simply by maintaining relative position manually. Although the diameter of the 
control cable 38 could be of any size consistent with effective use of^iguidewirof it will be 
20 understood that the larger diameter creates a resistive effect on the,guidewire|^, or antormodiate 
sbeg^O, so as to maintain position relative to^j3jpiidewire^when force is removed. 
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A jlrotcotH^ Jfilter^semb^ 50 having a proximal end 52 and a distal end 54 is located at 
the distal end 34 of^guidewire ( ^s o mbQ 30. The groteoti\g ^filter [ aog o mb l g 50 is preferably 

comprised of a^wire figoqjjg framework 56 over which a plurality of multifilament polymer fibers 

4v for* <* -fV/tev merA -S3? h**H*xd Wte* 

are braide^j. Alternatively, the^wireS^ framework 56 may support a^mesh^of other fibers 

5 or wires, such as gjMtinol (mesh" of wires.l| as shown in FIG. 11. The proximal end 52 of 
l^olu o iv^ tfilter ^so m bQ 50 is laser-welded to the distal end^jpf^idewire^fas shown in FIG. 
12, for example, while the distal end 54 of ^fickio i\ 3 jfilter gj ^m bljg | 50 is laser-welded to the 
distal end 49 of control cable 38. In one embodiment, a control cable stop 68iis disposed on 
control cable 38, between the proximal end 52 and distal end 54 of^filter jjg^mblg 50, so as to 
10 limit the travel of control cable 38. Exact location of the stop 68 is determined by the filter 
spacing created upon radial expansion of the^wire |5^Q framework 56 as compared to the 
particle size to be filtered. 

The individual wire elements 64 ofywire(5gegjj framework 56 are disposed parallel to 
j guidewire^iat the poin£of attachment so as to present a minimal crossing profile. Individual 
15 jmonofil a m oi ^ polymer fibers HJare co-braided about the^wire|m©^l56 to increase cross-section 

coverage without the stiffness associated with th^&trQgj64. Altematively,@h^^embers^8^»ft5£ 

or iot#LZMi***vih 

-^[comprised of smaller diameteri wires that exhibit more flexibility than the&if^associated 

with the^frameworl^|@. In one embodiment, the^filter | a6Gombl^ 50 may be coated with a 
hemocompatible compound to minimize shear activation of platelets. 
20 During interventional procedures involving carotid arteries and saphenous vein bypass 

grafts, embolic particles may be liberated causing adverse complications if preventive means are 
not in place. In a preferred embodiment, as illustrated in FIG^f. 1-6, the j guidowiro filt c Sj 
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{ ^ralusi^ ^systemfeo provides embolic protection. In one embodiment, the tubular guidewire£8^ 
is formed of ai<itinol^i^diaving an outer diameter of 0.014 inchjg, an inner diameter of 0.010 
inchjUJand a length of 180 cm. In an alternate embodiment as shown in FIG#. 8-10, the tubular 
guidewire ||^s formed of a braided polyimide tube having an outer diameter of 0.015 inchgg, an 
5 inner diameter of 0.011 inch^J^and a length of 180 cm, such as available from MedSource 
Technologies, Trenton, Georgia. In one embodiment, the control cable 38u is formed of a^Nitinol 
(g^Uiaving a diameter of 0.008 incl^jand a length of 190 cm. In an alternate embodiment, the 
control cable 38 is formed of a Teflon® coated stainless steel g^having a diameter of 0.095 
inch®. The control cable |5&|g 38 is disposed coaxially with th^guidewire^gg. Although the 
10 length of the^guidewirej^could be any length, it will be understood that it will be shorter than 



the length of control cable 38. In a first embodiment, the control cable 38 will be at a minimum 

of 10 cm longer so as to provide for the attachment of theifilter gs3cmbffi 50 at the distal^^g 

34 and a gripping^^^6 at the proximaljgerti^^. In one embodiment,^teH»edkrte-sh^^O, 

is also preferably made otNitinol with a length of 0.05 inchS. 

f t*ki fcfe *et*i c*H*ro? c^bUs 3? 

15 As shown in FIG. 1, the^guidewire tip 60 is disposed at the distal en d {3 4 o f t he gu i dew ire* 

• assembly^ . Thejguidewire tip 60 is preferably a platinum coiLwith a stainless steel corejhaving 

a maximum diameter of 0.018 inchgf and a length of 1.0 inch. Attachment o^guidewire tip 60 is 

accomplished in one embodiment by a stainless steel sleeve 62 that is laser-welded to control 

cable Se|§ 38. A crimp is applied to the sleeve 62 to hold the lip 60 in place. FIG. 10 shows an 

20 alternate embodiment |g£ t te = 6 e^ (j f , i tfa^ uidewire tip f^ wh e^ he §g[core^s fabricated 

as part of the contro 
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In one embodiment, at the proximal end 48 of control cable 38, a^ab^stopg&d-^fis 
attached. In this embodiment, gab^ stop fgd-^l^s 0.25 inchfUflong with a diameter of 0.014 
incl^l, which is equal to the diameter o^guidewirejj^. The gpfelijstop SpeW^s crimped onto 

control cable 3^ 3Z ^ m j^ H p^;^ 7*e i«bnfcr <j*/<te*o/*fi- So 

5 [ In an alternate) ombodimcut a s shown - in FIGc. 13 and 1 4 , a hcmcostatis ' liko - olamp 

ai rangeme nt- 80 - is . utilized on the proximal ond 18 - of guidewire - a s scmbly 20 to sccuro the oontFol 
■cable 38 relative to tho tubular guidewire 30. The clamp ai idiigciiicnt 80 p roforably consiots of - 
■ an actuator assembly 83 that io ooourcd to the tubular guidewire 30 and an indioator assembly 84» 
4hflt Hnmpn n nt" th* eeBfrel ™ by t otation nCuVunVi memtra 86 thai pmehes ' "mirni cable - 

10 38-ic a wedge structure ** — In one embodim c nt^ - tho diotal ond of actuator assembly 83 is — 
prov i ded - with structure 90 that attaches tho actuator a o sombly 82 to the - gu ide w i re by a torque - 
« device r such as a - coUet - clamp , — Proforably, both the acteator ass e mb l y 82 and the indicato r 
- assembly 81 have mated threads 92 - that permit tho actuator ascombly 82 to throadably receive 
"t ho indicator assembly 8 4. The indiratnr nimbly 81 preferably includes visibl n mnrlrinffl nt Ofl 

15 that indicate to - an operator tho oxtont of the dcploycchrtatc of fee filtu diviui 50 - bascd on th e ^ 
numbor of fains of knob 86 as tin indicator asao n xbly 84 is unscrewed and control cable 38 is- 
d i sp l aced - relative to tho - tubular guidewire 30. — It will bt und oi s to od - that altomat&Q - 
a ii ang omc nts fui seeming tin c o nt r ol cable 38 and tubulai guide wilt 30 con be usod with . th e 
■ indicato r- ass embly such - as a pin vice or bearing arrangmentj, and that a 4 atch y r atchet or other step- 

20 « wise mechanical - intorfaoo oould be utilized in plaoo of tho thrca ds-63t^ 

A £ JS 

^^nother embodiment as shown in FIGS. |§ and @ features an interference fit between 
^proximal end 48 of control cable 38 and ^proximal end 32 of tubular guidewire 30 that 
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effectively locks the ^r o t e oti\^ filter ^oembl j | f 50 into a minimum diameter or undeployed state 
during insertion §f the guidowire aoaemblg . This feature is particularly useful tonsure that the 
^filterlggsem^J^O remains in as unobtrusive a state as possible during passage^ of tho distal tip 34- 
ef the gu i dow^ g through lesions or tortuous areas of the^essel undergoing a vascular procedure. 
5 ^^interference ||efitttj§l96 on the control cable 3&|frictionally interfaces with the proximal 



opening of the lumen of the tubular guidewire 30 to secure the relative position between the two. 
In this embodiment, the^terforono e4@atu^ ^96 is a frustoflconical-shaped member that extends 
beyond the outer diameter of the control cable 38. Numerous other shapes and configurations 



such as a lipped configuration or a ratchet arrangement could also be used. 
10 ftfter ■ass^wbQjSO is comprised of a plurality of ffil t cr w i «j9 fc>4, which form a-framework 
56 to support a plurality of polymer. strandsjp8jas illustrated in FIG. 6. In a first embodiment, the 

&1vurs or A t^^Sf^^ wit*. *Jewi& 

polymer^strands^^ are co-braided around the^wire^re^ framework 56. The |gi*^64 are made 
o£Mtinol, a super-elastic nickel titanium alloy, which is the preferred material because it is easy 
to braid and biocompatible. A plurality of laser- welds are applied at the ^ i otal filtQilc nd 52 and 

distal H#~ «>i*e ^ 

15 [yr e ximal filt^ pnd 54 to hold the ends of |foer wir^ p4 in position and prevent fraying. At least 
two welds are performed on each wire^64 at each end so as to hold^gy|wiref64 as small as 
possible, thus presenting a minimal profile fln that deployment without a ahoo^ . Alternatively, 
adhesive bonds or mechanical interconnections may be used in place of or in addition to welding 

to secure the^filter ^oombj^ 50. In an alternate embodiment as shown in FIGS. 11 and 12, the 

-fbrml*3 fU*z fitter itvzrSt 

20 strands 6 8 are also comprised of-Nitinol wire having a smaller diameter (e.g^ 0.008*) than the 

fe^fc4 (e.g., 0.012 v ). 
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It is expected that the radial expansion of th^filterg^»b@ 50 will have an upper and 
lower limit based on blood flow requirements at the lower limit and the ability to stop particles 
of an expected size at the upper limit. In a first embodiment, the lower limit of expansion would 
provide filtration in vessels as narrow as 3 mm. In order to filter particles of 250 microns or 
5 larger, the maximum allowable mesh gap would be 0.01 inch|§ which corresponds to a 
maximum deployment diameter of 0.3 inchg|. In the closed position, as depicted in FIG. 3, the 
maximum diameter of the non-deploye<Lfilter 50 is 0.038 incl^. 

In another embodiment as shown in FIG^. 8-12, the^filter^9««b4g is designed to filter 
particles down to a size of between 100-150 microns. The inter-mesh spacings required for such 

// 

10 a filtration effect range between 0.004 inch®' and 0.008 inch® as can be seen in FIG.yj®, for 
example. In this embodiment, the expansion size of the^filter ^pcm bJ M 50 in a deployed state is 
selected among a plurality of sizes (e.g., 2-4 mm diameter vessels, 4-6 mm diameter vessels, 6-8 
mm diameter vessels) to control the filtration effect of a given sized^filter by providing a known 
range of diameters in the deployed state for which the inter-mesh spacings necessary to achieve 



15 the desired filtration effect can then be chosen. In tests with the^ filter gooomblg of the 
present invention deployed within a 6.2 mm acrylic tube, polymer particles of^*m|pize were 
introduced into a fluid flow simulating blood to determine the effectiveness of the^filter So 
[apoombj^ . When particles of a size of 200 microns were used in this test, 100% of the particles 

w ^ ptfvrttj suf^y^sk^rkiw so 

were trapped by the §ngjj convexifilter/of the/filter j aboomb ljjj - When the particle size was reduced 

20 to 1 57 microns, 50% of the particles were trapped by thegf^ convexifiltej/ 40% were trapped by 

.^Ww -r*i*f%«e. si&Vttes y& l-far so 

the( gb o on3 [ concave^filte^and approximately 10% of the particles flowed through the ||?rotootivo 

It will be seen that the sizes of the inter-spacing pores may be adjusted if protection for 
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smaller size particles is desired to improve the effectiveness of the ^rotective . devj^ ^br particles 
at those smaller sizes while potentially reducing the flow of blood due to the use of the smaller 
size pores. ^ — 

To limit radial expansion ofifilter{5sgembjg| 50, in one embodiment (oQntrol oabl^ stop 68^ 
5 is coaxially disposed on control cable 38 between the proximal and distal enaho£ffilter^^«bljy 
50. (gafe^j^op 68 is a stainless steel tube crimped oiUp control cable 38 with an outer diameter 
of 0.012 incm§ which stops the control cable 38 from traveling into the lumen ofiguidewirejpg. 
TheWires/58 and ^ t r a nds^fl me generally parallel to control cable§i^]p8 when inserted 
^^^a^essef. As control cable 38 is proximally extended, distal§^[ end^||is drawn toward 
10 stationary proximal end ^ Initial displacement, as depicted in FIG. 4, for example, 
creates a narrow tube as the,filter gfaroo oxpai^M -adially in an elastic manner to form a thin tube. 
As the control cable (&©*§ 38 is further displaced, the, filter (wires 58 continue the i r r a dia ll y 
a expansion, as depicted in FIG. 5, until gpaehki^ stop grabr fillingfthe/vessek^ — ^f*f?QZ /Ofcoe 
It will be understood that the weave of^ filter( gGo o m b lj[ 5 0 may be varied in a number of 
15 ways including: (gha»g§ithe number of filaments per strand o^polymer fibej g*m^|the 
diameter of the polymer filaments; §ba»§^the number of^fitinol^Fam^which form the^wire 
^ {rhe c h okeletoj ; ^han^|the diameter o^Nitinol^aft^ and pjafig^tKTclesign of the tubular 
weave. A further advantage to this design is the "softness" created by the polymer fibers as they 
interact with the blood vessel. Varying theifitinol§tF«i^jhas a direct effect on the stiffness of 
20 the^filter and the "softness." However, the^Njtinol grand numbg ^^ust be sufficient to 
adequately constrain the multifilament polymer fibers. Clearly, the options described above may 
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be used to tighten or relax the weave of the^filter. Furthermore, the options may be combined to 

achieve comparable results. 

In practice, medical personnel gain access to the blood vessel lumen through which the 

^ uido wire-a ssemM^20 will travel. The ^jjuidcwi r c filtg^ protective systempO is removed from 

5 biocompatible packaging, ^mdewirfitip 60 is inserted into theilumen and is manipulated to a 

point beyond the vessel occlusion. The control cable 38 is drawn gtstal^from the tubular 

guidewire [|§^o as to radially deploy the^filter 50 within theilumen. A rapid exchange device, 

such as a stent catheter or thrombectomy device, is then deployed on the tubular guidewire 

with theifilter ^ aomb l^| 50 in a deployed state. As illustrated in FIG. 7, a clamp 70 is then 

control c+hk. SB skvtft 
10 applied to the [pidcwirc aooombly 3^| o maintain the deployed position of the^filter 50 until 

completion of the procedure. 

or *tp*t**nts 



In a preferred embodiment of the present invention, thej guidowir^ protective system^20 is 
utilized ^ tho guidowiro fojj ro atherectomy or thrombectomy procedure of the type described 



in U.S. Patents Nos. 5,370,609 or 5,496,267, the disclosure of each of which is hereby 
15 incorporated by reference. In each of these embodiments, the (|uidewii;§ protective system^O is 
introduced into the patient, the^filter 50 is radially deployed, and then the atherectomy or 
thrombectomy catheter arrangement is slid over the proximal end 32 of the/guidewire ffieembfc f 
30 and advanced until it is proximate and proximal to the location of the^ filter g ra e m bffi50. 
Unlike other occlusive methods, the time period of the procedure is not constrained by concern 
20 over blockage of theivessel. The radial expansion of.filter^s^^^50 allows for the continual 
flow of blood through the spacing between individual polymer fib sE^ 8. Thus^filterj" 
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50 is preferable where ischemia is intolerable or further blood cessation would be irreparably 
damaging. 

Preferably, an evacuation of any debris [ gr othor plaqucmatorio| dislodged in the therapy 
is accomplished by the evacuation lumen incorporated within the catheter assembly of the above- 



5 referenced patents. However, should debris {5p * ptoqw0 escape the evacuation lumen. the/convex 



deployment, the sponge would provide a third level of filtering. After completion of the 



an<^filter ^o om bl^ 50 are retracted. 

The present invention may be embodied in other specific forms without departing from 
the essential attributes thereof; therefore, the illustrated embodiments should be considered in all 
respects as illustrative and not restrictive, reference being made to the appended claims rather 
15 than to the foregoing description to indicate the scope of the invention. 
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ABSTRACT OF THE DISCLOSURE <wt** **V*/ H t***. itAnhr 

A [|uidowiro proteotioM systenyj for use in vascular procedures includesla sheathless 

^rotcct i v ^filter» ^ox i matc a diatal ond of a tub«fa r-gra4e w ir e assembly T n on ft emb o dimen t, nj 

^control cable giopooo d w it h i n -t ho guidowir ofls attached to a distal end of the^filter fet^^the 

5 ^guiaewire is attached to a proximal end of the^filter. Selective displacement of the control cable 

radially expands the^filter to create a Bubo ohapod filtor having - j^ onve^ primary filter surface 

that is positionable downstream from a site of a vascular procedure, ( h i t h is embodiment t h^ 

7te sfa*?t<te*s inferior " 

^filter also presents alconcave* secondary filter surface. Preferably, the sheathless j |rotootivg[ filter 

is constructed of a braided wire ^^fj^ver whichy|polymer fibers^are ^w^SJjto creat^a softer 



10 filter surface. 
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